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Rationale

Done one chemical at a time, risk assessmentaeaitiver account for all
of the chemicals currently in commerce nor keemvitp the rate of their
invention and use.

The NAS (2007) “envisions a new toxicity-testingt®m that evaluates
biologically significant perturbations in key toitic pathways by using
new methods in computational biology and a compreie array of in
vitro tests based on human biology.”

Our goals:

To facilitate the extrapolations necessary to immalet risk assessments in the
current toxicity-testing system.

To help characterize key toxicity pathways as weenato a new system
EPA Clients
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National Homeland Security Research Center
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Approach

Develop Exposure-Dose-Response models to
understand and characterize the neurotoxicity of
volatile organic compounds (VOCs)
Use the EDR models to generate information to
replace the default uncertainty factors currently
applied in the extrapolations necessary for risk
assessments

1. C xtrelationships for acute effects

2. Cross-species

3. High-to-low dose

4. Acute-to-chronic
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Exposure-Dose-Response Model

. Chemicals: Volatile organic
Applied Dose compounds +oluene, trichloroethylene,

Concentration and perchloroethylendso-octane

Internal Dose

Concentration in
Target Tissue

Interaction with
Target Tissue
Effect on receptor,
enzyme, etc.
Adverse
Outcome

Change in function
in vivo

Exposure-Dose-Response Model

_ Chemicals: Volatile organic
Applied Dose compounds, primarily toluene

Concentration and
duration in air

Internal Dose

Concentration in
Target Tissue

Interaction with
Target Tissue
Changes in ion Effect on receptor,
channel function enzyme, etc.
Adverse
Outcome

Change in function
in vivo




Exposure-Dose-Response Model

. Chemicals: Volatile organic
Applied Dose compounds, primarily toluene

Concentration and
duration in air
Internal Dose
Concentration in
Target Tissue
Interaction with
Target Tissue

ChangeS Inion Effect on receptor,
channel function enzyme, etc.
Adverse
Outcome
Change in function
in vivo

Acute, reversible effects on the
nervous syster® Narcosis

Narcosis

Privation of sense or consciousness, due to atarc
An English heavy-metal band

Enemy of Batman that uses gas to turn his victims
into a state of Bliss
A reversible state of arrested physiology caused b
non-reactive toxicants
A likely mode of action for acute effects of volat
solvents, with a wide range of effects
Subtle CNS changes at sub-anesthetic concentrations
Clear sensory and motor effects at high concentrations
Anesthesia
Death




Narcosis as a Potential Mode of Toxic
Action of VOCs in the CNS

» EXposure scenarios
Inhalation at various concentrations for various
durations® Internal dosevia PBPK models

» Multiple endpoints

Transform to a common scale for quantitative
comparisons
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PBPK Model Evaluation
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Toluene concentration
in air = 585 ppm
Long-Evans rats

Toluene Concentration (mg/L)
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Time (hrs) Kenyon et al., 2007

Effects in Mammalian Systems

In vivo
Increased reaction time (human)
Reduced sensory function (rat)
Slowed response time (rat)
Reduced choice accuracy (rat)
Impaired shock avoidance (rat)
Lethality (rat)

In vitro
Inhibition of current through ion channels assadanith excitatory
pathways
» NMDA (NR2A, NR2B, NR2C)
* Nicotinic ACh (nAChR)
* Voltage-Sensitive Calcium Channels (VSCC)
Facilitation of current through ion channels asatexd with inhibitory
pathways
e -Amino Butyric Acid (GABA-A)
¢ Glycine




Sensory Function Method

Boyes et al., 200

Sensory Function Method

The rat watches TV patterns

Brain waves are recorded
from visual cortex

The contrast of the visual
pattern cycles on and off at
frequency F (typically 5Hz)

The recorded and averaged
brainwave reflects visual
processing

Spectral analysis of the
evoked potential shows
response power at the
stimulation frequency F and
higher harmonics — especially
at F2




Sensory Function Results

Visual Evoked Potential Amplitude as a
Function of Estimated Brain TCE Concentration

0ppm
500 ppm during exposure
1000 ppm during exposure
2000 ppm during exposure
2000 ppm after exposure
3000 ppm during exposure

3000 ppm ater exposure * F2 amplitude falls with

4000 ppm during exposure

4000 ppm e exosure increasing concentration

5000 ppm during exposure

Y e cnposure of the VOC in the brain
of the rat.

<4pEHO -, 06>EHO

F2 Amp (uV)
(mean +\- SEM)

* The effect is not
unambiguously related to
the concentration or
duration of exposure.

40 60 80 100 120 140 160

Estimated Brain [TCE] (mg/l) 5 ol 26
oyes et al.,

Effects in Mammalian Systems
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Behavioral Method

Effects of Toluene on Signal Detection
Behavior
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Dose Metric: Concentration of Solvent in Brain

Exposure AUC Concentration in Brain Brain AUC
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Effects in Mammalian Systems
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* Invitro

Inhibition of current through ion channels assadatith excitatory
pathways

* NMDA (NR2A, NR2B, NR2C)

* Nicotinic ACh (nAChR)

* Voltage-Sensitive Calcium Channels (VSCC)
Facilitation of current through ion channels asatexd with inhibitory
pathways
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% Inhibition

NAChHR Inhibition by Toluene:
Concentration-Dependent
and Species-Independent
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Scaling Effects Across Endpoints

Generate transformations that convert measuredaeta
uniform scale from 0 (no effect) to 1 (maximum pbkeseffect).

Visual Evoked Potentials E(VEP) = (VER, - VEP)) / VER,
Response timeConvert to speed, then

E(RS) = (RS, - RS) / RS, and because RT = 1/RS,
E(RT) =1.0 - (RT,/ RT)

Accuracy: E(Acc) = (Acg, - Acc) / Acg, - 0.5)

Escape-AvoidanceE(Esc) = (Esg, - EsG) / Esg,

In Vitro effects did not require scaling, because inhibition ranged
from O to 1.
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Dose-Effect Functions -n vivo Endpoints

Human Reaction Time Rat Shock Avoidance
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Effect Magnitude
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Effects of Inhaled Tolueneln Vitro
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Conclusions

« \olatile solvents exert reversible effects on teevous system
« Effects are
 Graded in severity and quality
« Directly related to the concentration in the brain
 Quantitatively comparable via scaling to a commmuetric
« Consistent with a mode of action based on narcosis
» Modeling based on brain concentration
« Accounts for differences in exposure scenario
» Permits extrapolation across dose, duration, sgeci
» Mode of action for acute effects
« Classic view: Membrane fluidity
« Current thinking: Alteration of membrane-residenbteins,
especially certain voltage- and ligand-gated iomclets
« Interactions with membrane proteins may providasis for
predicting toxicity based on physico-chemical pmigs of the
compounds.

Invaluable Collaborators

Vernon Benignus -Dose-Response Modeling

Will Boyes —Visual Neurophysiologyn vivo

Tim Shafer —In vitro Neurophysiology

Elaina Kenyon —PBPK Modeling

Ambuja Bale —In vitro Neurophysiology

Wendy Oshiro —Inhalation exposures, behavioral testing
Tracey Samsam -Inhalation exposures, behavioral testing
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STOP HERE

Stages of Anesthesia

Stage 1: Induction

The period between the initial administration af #igent and loss of
consciousness. Progression from analgesia withmnoesia to analgesia

with amnesia.
Stage 2: Excitement

The period following loss of consciousness and ey excited and
delirious activity.

Stage 3: Surgical Anesthesia
Relaxation of skeletal muscles, slowed respirasiot eye movements. Loss
of pain sensation.

Stage 4: Overdose

Severe depression of medullary activity, cessatfarespiration, potential
cardiovascular collapse. Lethal without cardiovéescand respiratory
support.
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Signal Detection Task

Trial Type Signal Period Choice QOutcome

"Signal"

’47 0320 — - 4"»‘ Al

Signal

“Signal” False
Alarm

"Blank" Correct
Rejection

Sensitivity of lon Channel Function to Selected Sol ~ vents and Pharmacological Agents

Compound lon Chann el
Solvents NMDA Receptor nAChR GABA Receptor Glycine Rece  ptor VSCC*

Toluene Inhibits Inhibits Potentiates Potentiates Inhibi ts/Potentiates
Trichloroethylene ND ND Potentiates Potentiates Inhibits/Potentiates
Perchloroethylene ND Inhibits ND ND Inhibits/Potentiates
1,1,1-Trichloroethane Inhibits ND Potentiates Potentiates Inhibits
Ethanol Inhibits Inhibits/Potentiates Potentiates Potentiates Inhibits
Halothane Inhibits Inhibits Potentiates Potentiates Inhibits

Pharmacological
Agents NMDA Receptor nAChR GABA Receptor G ycine Recept

MK-801/Dizocipline Antagonist Antagonist -
Memantine Antagonist Antagonist -
NMDA Agonist -
Mecamylamine = Antagonist = =
Nicotine Potentiates Agonist - Agonist
Bicuculline - Antagonist Antagonist -
Picrotoxin - Antagonist Antagonist
GABA = = Agonist -
Glycine Agonist - - Agonist
Strychnine - Antagonist Antagonist Antagonist

- No Effect ND - Not Determined
*VSCC - Voltage Sensitive Calcium Channel

Bushnell et al., 200¢




